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Abstract 
The paper describes the geochemistry of swamp waters and the content of dissolved organic matter. It is shown that 
swamp waters are noted for exceptionally low TDS, low ɪɇ value, high content of organic matter and NH4, increased 
content of Fe and Si. In swamp waters the content of organic substances exceeds that of mineral substances. The 
composition of organic matter is characterized by pronounced predominance of humic matter. Swamp waters are 
characterized by the presence of hydrocarbon and oxygen-containing organic matter with a predominance of hydrocarbons, 
which are the main group of n-alkanes. 
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1. Introduction 
Western Siberia is one of the largest accumulative lowland plains in the world, much of which is swamped. 
Thus, during the last 10,000 years, the average rate of vertical growth of peat deposits in the region is 
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0,59…1,15 mm/year. At present the area of wetlands ranges from 39 to 50%, and the process of peat 
formation progresses. Peatlands have multiple natural ecological functions. They are involved in the 
regulation of water, heat, carbon and geochemical regime of the planet, global and local circulations of 
nutrients. On a variety of types, kinds, chemical composition and properties of peat influence waters of peat 
deposits. 
In regions with humid climate in swamp waters dominates the dissolved organic matter, the content of 
which is several times higher than the content of mineral elements [1-3], therefore it is the keen interest by 
scientists around the world. In recent years, numerous studies are devoted to the study of dissolved organic 
matter in the boreal regions of Europe, Canada and the United States [4-7]. However, the number of studies in 
Western Siberia is very few that determines the relevance of the study of wetland systems, including the main 
features of the chemical composition of the swamp waters and the composition of dissolved organic matter. 
The aim of this work is to determine the quantity of macro-and microcomponents and characteristics of 
dissolved organic matter in the waters of peatlands and to identify specific classes of organic compounds 
inherent swamp waters and to determine their depth distribution. 
2. Materials and methods 
2.1. Objects 
Hydrochemistry of the swamp waters was studied in a relatively small territory (18.9 km2) of poorly 
drained oligotrophic bog Peat depth varies from 3 to 6 m. Depth of occurrence of swamp waters reaches 0.3 m 
on higher spots; on the lower spots they flood the ground in between hummocks or form small lakes totaling 
an area up to first tens of m2. Swamp deposits hydraulic conductivity values are widely ranged, frequently 
between 0.1 – 3.0 m/d [8]. 
For a comparative study on the swamp water depth profile was determined most wetland place located in 
the northern part of the bog. The place is in oligotrophic pine-shrub-sphagnum phytocenosis. Pine has a height 
of 5-6 m, 6-18 cm diameter, crown density 0.8. Projective cover of grass-shrub layer consisting of 
Chamaedaphne calyculata, Ledum palustre, Eryophorum vaginatum, Carex globularis Curt reaches 80%. 
Microrelief is wavy. Depth of occurrence of swamp waters reaches 32 cm. 
2.2. Sample collection and analysis 
The water samples were taken during field work from 2011 to 2013 from the lake and 5 wells spaced 30-50 
inches apart on an area of 2 m2. Herewith, the 4 wells drilled in layers with an interval of 1 m. From the fifth 
well, perforated uniformly throughout the entire depth, was selected for the overall sample of all the peat 
deposits of bog water. The overall sample for the whole swamp water of all the peat deposits is taken from the 
fifth hole, perforated uniformly throughout the entire depth. 
The most sensitive parameters (pH, T, and Eh) were measured directly on site using the analyzer WATER 
TEST Hanna instruments. The collected water was conserved, except for an aliquot retained for the analysis 
of organic matter. The chemical analysis of all water types was performed at the certified hydrochemical 
laboratory of the Tomsk Polytechnical University by the following methods: potentiometry for pH; titration 
for Ca2+, Mg2+, HCO3–, SO42–, Cl–; atomic absorption – NO2–, NH4+, PO43–, and Si; polarography for Fe; 
voltammetry for Zn, Cd, Pb, Cu, Al; mass spectrometry for other metals; and spectrometry for Na+ and K+; 
photometry for NO3–. Part of the collected samples was conserved and sent to the Institute of Petroleum 
Chemistry Siberian Branch of the Russian Academy of Sciences to conduct a detailed qualitative and 
quantitative analysis of the components of organic compounds. 
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3. Results and discussion 
3.1.Hydrochemical data 
Determination results of long-term average chemical composition of the swamp waters are presented in 
Tables 1-3. As can be seen from the obtained data, in general, the studied waters are characterized as 
ultrafresh: TDS value does not exceed 35 mg/L, acidic, less neutral (pH varies from 4.0 to 6.3); calcium 
bicarbonate or calcium and sodium sulphate. 
Table 1 Macrocomponent composition, salinity, pH of swamp water samples collected from 2011 to 2013 
# Site Depth (m) 
ɪɇ TDS HCO3- SO42- Cl- Ca2+ Mg2+ Na+ Ʉ+ NH4+ 
 mg/L 
1 Lake 0.5 5.9 16.8 6.1 3.4 1.2 2.0 0.9 1.5 1.1 0.7 
2 Well 1 1.0 3.9 21.5 1.5 7.3 2.6 3.8 1.2 3.4 1.2 5.2 
3 Well 2 2.0 4.0 25.1 1.5 5.3 3.4 4.3 1.1 4.6 1.1 9.3 
4 Well 3 3.0 4.5 25.6 1.8 7.3 2.8 3.3 0.9 3.7 1.1 9.4 
5 Well 4 4.0 4.8 33.8 2.3 7.2 1.7 7.7 1.6 11.5 4.0 10.9 
6 Total well 4.3 4.0 28.2 2.0 7.3 3.0 4.1 1.4 6.0 1.0 7.3 
Table 2. Microcomponent composition of swamp water samples collected from 2011 to 2013 
# Site Depth (m) 
Fe NO2- NO3- PO43- Si Zn Cd Pb Cu Al 
mg/L mkg/L 
1 Lake 0.5 0.4 <0.01 <0.1 0.02 0.26 8 <0.2 0.27 2.1 0.04 
2 Well 1 1.0 2.4 0.01 1.01 0.13 3.99 54 <0.2 0.48 12.10 0.17 
3 Well 2 2.0 5.1 0.08 1.43 0.98 5.55 33 <0.2 0.46 1.95 0.31 
4 Well 3 3.0 2.4 0.03 1.30 0.24 5.21 29 <0.2 0.85 2.26 0.67 
5 Well 4 4.0 2.2 0.28 1.23 <0.01 6.76 69 <0.2 0.45 2.10 0.38 
6 Total well 4.3 2.7 0.17 1.23 0.75 4.62 129 <0.2 0.67 1.31 0.15 
Core components of salinity are the ions of sulfates, chlorides, calcium and sodium, which account for up 
to 90% of all water-dissolved salts. The concentrations of hydrocarbonate, magnesium and potassium ions are 
low which compose on average no more than 4 mg/L. Nitrites and nitrates are not always present in minor 
amounts. Ammonium ion is widespread, its value in the water is 5-11 mg/L, on the average for the studied 
swamp water it is 7.2 mg/L. Lake water, swamp in contrast, has a higher pH (5.9), it is dominated by 
hydrocarbonates, sulfates and calcium ions. Ammonium ion content reaches only 1 mg/L. 
Changes of the main ions contents in the depth of the peat deposits are quite complex. Minimum pH values 
are generally confined to the upper level. Values of salinity, as well as the ammonium ion, increase with depth. 
In general, for most of the studied components the ambiguous change of the concentrations in the vertical 
section is typical, which is presumably due to the genetic heterogeneity of peat, and, as a consequence, to the 
heterogeneity of their filtration properties. 
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Table 3 Composition of organic matter of swamp water samples collected from 2011 to 2013 
# Site Depth (m) Corg Fulvic acid Humic acid Aquabitumen Hydrocarbons 
Oxygen-
organic 
compounds 
mg/L   mkg/L   
1 Lake 0.5 21.2 10.3 0.2 0.59 38.3 4.3 
2 Well 1 1.0 71.9 59.0 7.1 1.46 25.2 2.6 
3 Well 2 2.0 72.8 62.9 6.0 1.71 33.7 3.2 
4 Well 3 3.0 84.8 64.6 4.1 6.79 281.7 8.0 
5 Well 4 4.0 90.3 66.0 5.3 1.16 6.3 8.4 
6 Total well 4.3 81.1 51.3 6.9 4.62 454.5 3.8 
As the data show, among microcomponents predominant heavy metals. The maximum content of Zn, Pb, 
Cu and Al may indicate the possibility of their binding complexes with organic matter. It is known that the 
aforementioned elements actively form complex compounds with humic type organic matter, in which the 
investigated swamp waters are extremely rich. The content of organic substances based on the TOC of about 
100 mg/L (Table 3) that exceeds the average amount of mineral salts more than 2 times, i.e. swamp waters are 
organogenic [9]. Among humic compounds forming a number of metals soluble compounds, fulvic acids 
predominate, the content of which reaches 65 mg/L. The behavior of Cd is different from that of the 
aforementioned trace elements; their concentrations in the swamp waters are low. This indicates that this 
element is less prone to bond to humic substances, and its concentrations do not increase therefore in the 
swamp waters. Iron is the main element in the competition for binding to organic complexes, which 
contributes to its retention and accumulation in water, in this connection, the swamp waters are characterized 
by the high iron content - from 2 to 5 with an average of 2.5 mg/L. 
Dissolved organic matter increases the migration ability of many elements forming soluble organic-mineral 
complexes. This feature set is not only for Fe, Zn, Cu and other metals, but also for Si. Its content increases in 
proportion to the interval growth of TOC concentration. 
3.2. Composition of organic compounds 
Swamp water is characterized by hydrocarbon and oxygenated organic compounds with the prevalence of 
hydrocarbons (Table 3). The total content of bituminous component ranges widely from 0.6 mg/L in lake 
water to 1.2-4.6 mg/L in swamp water with the maximum concentration in wells 3 and 5. The concentration of 
hydrocarbons is not correlated with the amount of organic matter and fulvic acids. This indicates different 
mechanisms or stages of formation of humic acids and hydrocarbons in the swamp waters. The main group of 
hydrocarbon aquabitumen consists of n-alkanes (Table 4). They account for 81-99 % of all identified 
hydrocarbons. They are represented by a set of homologues C12-C33 with a maximum concentration of C23, C25 
and C27. 
The concentration of aromatic hydrocarbons is considerably lower, and declining rapidly with depth. 
Bicyclic terpanes recorded in the waters to a depth of 2 m, pentacyclic at a depth of 2 m and 3 m. Steranes, 
tricyclic and tetracyclic terpanes were not detected. 
Aromatic hydrocarbons are represented by bi-, tri-and tetracyclic structures. Alkylbenzenes and pentacyclic 
arena were not found. The contents of individual aromatic hydrocarbon groups are listed in Table 5. 
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Table 4 Concentration of particular hydrocarbon groups in swamp waters (mkg/L) 
Hydrocarbon group Well 1 Well 2 Well 3 Well 4 
n-alkanes 2.42 3.56 0.98 4.71 
Bicyclic terpanes 0.06 0.01 0 0 
Tetracyclic terpanes 0 0 0 0 
Pentacyclic terpanes 0 0.26 0.20 0 
Steranes (typicaly oil) 0 0 0 0 
Aromatic hydrocarbons 0.35 0.05 0.03 0.03 
Table 5 Composition of aromatic hydrocarbon aquabitumen in swamp waters (mkg/L) 
Hydrocarbon group Well 1 Well 2 Well 3 Well 4 
n-alkylbenzenes 0 0 0 0 
Bicyclic arena: 
Methylnaphthalenes 0.056 0.003 0.004 0.005 
Dimethylnaphthalenes 0.068 0 0.001 0 
Amount 0.12 0.003 0.005 0.01 
Tricyclic arena: 
Phenanthrene 0.027 0.016 0.009 0.008 
Methylphenanthrene 0.043 0.001 0.001 0.003 
Dimethylphenanthrene  0.061 0.002 0 0 
Trimethylphenanthrene  0.020 0 0 0 
Rethen  0.028 0 0 0 
Amount 0.18 0.02 0.01 0.01 
Tetracyclic arena: 
Fluoranthene 0.011 0.016 0.008 0.013 
Pyrene 0.016 0.011 0.003 0.002 
Amount 0.03 0.03 0.01 0.02 
 
Among oxygenated organic compounds in most swamp waters dominate fat acids (Table 6) with a 
predominance of palmitic acid and caprylic acid in well 4. Only in the water from well 2 the fat acid content is 
lower than the n-alkanones content. 
Table 6 Composition of oxygenated organic compounds in swamp waters (mkg/L) 
Group of compounds Well 1 Well 2 Well 3 Well 4 
Fat acids 1.148 0.813 0.173 1.815 
Methyl esters 0.033 0.020 0.012 0.033 
Ethyl esters 0.158 0.224 0.085 0.953 
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Isopropyl ester 0.086 0.017 0.013 0.070 
n-alkanones 0.110 0.998 0.113 0.151 
i-alkanones 0.053  0.065  0.029  0.087  
Tocopherols 0.042 0  0 0 
n-aldehydes  0.005 0.027  0  0.065  
Summary 
Swamp waters of the investigated area are ultrafresh with TDS up to 35 mg/L and pH value from 3.5 to 6.7. 
Such waters are conspicuous in very high concentrations of various dissolved organic compounds, Fe, Si, NH4 
and some trace elements (Zn, Pb, Cu, Al). 
The concentrations of organic matter based on the TOC of about 100 mg/L, which exceed the average 
amount of mineral salts in more than 2 times. The values of fulvic acids, the content of which reaches 65 
mg/L, are several times higher than those of humic acids. Besides, swamp waters are characterized by the 
presence of hydrocarbon and oxygenated organic compounds with a predominance of hydrocarbons, while the 
share of n-alkanes account for 81-99 % of all identified hydrocarbons. 
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